A trial fibrillation is the most common chronic cardiac arrhythmia in the United States, occurring in an estimated 3.2 million people in 2005 1, 2 . It has been projected that by the year 2050, the number of Americans with atrial fibrillation will increase to almost 8 million 2 . The prevalence of this cardiac dysrhythmia increases dramatically in the elderly population, to 9.0% in persons eighty years of age or older 3 . At a time when health-care costs are increasingly scrutinized, the economic and health-care burdens of patients with atrial fibrillation are approximately five times those of patients without atrial fibrillation 4 . In 2005, an estimated $6.65 billion was spent on the treatment of patients who have this condition in the United States 5 . Much of this health-care burden is due to the additional medical utilization associated with chronic anticoagulation therapy, which is lifelong for most individuals with atrial fibrillation 6, 7 . The American College of Chest Physicians (ACCP) recommends that patients with atrial fibrillation receive high-dose aspirin or Disclosure: None of the authors received payments or services, either directly or indirectly (i.e., via his or her institution), from a third party in support of any aspect of this work. One or more of the authors, or his or her institution, has had a financial relationship, in the thirty-six months prior to submission of this work, with an entity in the biomedical arena that could be perceived to influence or have the potential to influence what is written in this work. No author has had any other relationships, or has engaged in any other activities, that could be perceived to influence or have the potential to influence what is written in this work. The complete Disclosures of Potential Conflicts of Interest submitted by authors are always provided with the online version of the article.
warfarin anticoagulation therapy, depending on their risk factors for a thrombotic event 8, 9 . For patients receiving warfarin, the international normalized ratio (INR) is kept in the range from 2.0 to 3.0, placing elderly patients at a major risk for bleeding events such as intracranial hemmorhage 10 . In addition, patients receiving anticoagulation therapy who have surgery are at increased risk for persistent wound drainage and hematoma formation 11 . These issues pose major problems for patients with chronic atrial fibrillation who undergo total joint arthroplasty. While adequate anticoagulation therapy is required for these patients to prevent thrombotic events such as cerebrovascular accident, the elevated INR required in these patients puts them at considerable risk for bleeding 12 . It is well established that bleeding complications create an increased potential for delayed woundhealing, functional disability, and periprosthetic joint infection 11, 13 . To minimize these risks, patients with atrial fibrillation are sometimes admitted to the hospital prior to surgery in order to wean them from anticoagulation therapy and to normalize INR levels [14] [15] [16] . The additional care provided for patients with atrial fibrillation even after total joint arthroplasty may pose a substantial increase in the health-care burden. We are aware of no study that has examined this subset of patients undergoing arthroplasty.
The primary goal of our case-controlled study was to examine the effect of atrial fibrillation and chronic anticoagulation therapy on hospital burden for patients undergoing total joint arthroplasty. Outcome measures evaluated included the length of stay in the hospital, postoperative anemia, blood transfusion requirements, and hospital readmission due to surgery-related complications.
Materials and Methods

W
e performed a retrospective case-controlled study with a one-to-one ratio of cases and matched controls. Using our institutional electronic database, we identified all patients with a preexisting diagnosis of atrial fibrillation undergoing aseptic primary or revision total hip or knee arthroplasty at our institution during a four-year span from March 2007 to September 2011. More than 3000 total joint arthroplasty procedures were performed at the institution during the study period.
For each patient with atrial fibrillation, we aimed to identify one matching patient without atrial fibrillation as a control. This control population was derived with use of our electronic database by matching for the following variables: age, sex, involved joint (hip or knee), laterality, procedure type (primary or revision), body mass index (BMI), surgeon, postoperative prophylaxis against deep-vein thrombosis, and approximate date of surgery. Matched variables were chosen to eliminate their potential confounding effects on study outcomes. Revision was defined as partial or complete removal or exchange of the components. The exclusion criteria were bilateral total joint arthroplasty, revision for the treatment of infection at the site of the total joint arthroplasty, or less than six months of followup after the procedure of interest.
All arthroplasties in both patient groups were performed from 2007 to 2011 by two senior surgeons (A.O. and F.R.O.) at a single, high-volume institution. Preoperatively, all patients with atrial fibrillation were receiving either anticoagulation therapy with warfarin (used for approximately 90% of patients with atrial fibrillation) or other chronic therapy with aspirin, clopidogrel, or dabigatran (used for approximately 10% of patients with atrial fibrillation). The institutional hospital protocol was to preadmit all patients with atrial fibrillation who were receiving chronic warfarin therapy one day prior to surgery in order to ensure a normal INR level. Once warfarin was discontinued, these patients were managed with heparin bridging until six hours before surgery. Patients receiving alternative chronic treatment for atrial fibrillation were asked not to take medication at least seven days prior to surgery but were not admitted to the hospital prior to the date of surgery. All patients in both the study and control groups were managed with warfarin for anticoagulation after surgery.
Overall, 161 joints (fifty-five hips and 106 knees) in 161 consecutive patients with atrial fibrillation were matched with 161 joints (fifty-seven hips and 104 knees) in 161 control patients without atrial fibrillation. There were eighty-one men (50.3%) in the atrial fibrillation group and eighty-seven men 
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(54.0%) in the control group. The mean age was 72.8 years for the atrial fibrillation group and 69.0 years for the control group. The mean BMI was 31.2 for the atrial fibrillation group and 30.4 for the control group. There were 123 primary procedures (76.4%) and thirty-eight revision procedures (23.6%) in the atrial fibrillation group, compared with 116 primary procedures (72.0%) and forty-five revision procedures (28.0%) in the control group. The baseline characteristics other than age were not significantly different between the two groups (Table I) . A thorough chart review utilizing electronic medical records was used to ascertain information regarding outcomes of interest. The primary outcome of our study analysis was hospital burden as measured on the basis of preoperative, postoperative, and total length of stay. The preoperative length of stay was defined as the interval between hospital admission and surgery start time, the postoperative length of stay was defined as the interval between surgery start time and hospital discharge time, and the total length of stay was defined as the interval between hospital admission and hospital discharge time. The presence of postoperative anemia was assessed through the measurement of hemoglobin (Hgb) levels at baseline (prior to surgery), on Postoperative Days 1 through 5, and on the day of discharge. Additionally, the INR at the time of discharge was recorded for the evaluation of anticoagulation therapy and bleeding risk in both groups. Blood transfusion requirements were recorded as binary variables based on the need for allogeneic postoperative red blood cell transfusion as compared with no need for transfusion. Finally, complications and readmissions following discharge from the hospital for reasons related to the surgical procedure or the diagnosis of atrial fibrillation were obtained from a review of medical records.
Means and frequencies were calculated for continuous and categorical variables, respectively. The length of hospital stay was reported as the mean and the standard deviation (in days). Hemoglobin levels were reported as the mean (in mg/dL). The need for blood transfusion and the readmission rate were modeled with use of conditional logistic regression. Conditional logistic regression was used as all patients were matched for potentially confounding variables of joint (hip or knee), age, sex, and procedure (primary or revision).
Source of Funding
No external funding was received for this study.
Results
T
he preoperative, postoperative, and total lengths of stay were all significantly associated with the diagnosis of preexisting atrial fibrillation. The mean preoperative length of stay (and standard deviation) was 1.7 ± 0.7 days for patients with atrial fibrillation and 0.2 ± 0.2 day for patients without atrial fibrillation (p < 0.0001). The mean postoperative length of stay was 4.6 ± 4.6 days for patients with atrial fibrillation and 3.2 ± 1.1 days for patients without atrial fibrillation (p = 0.0002). The mean total length of stay was 6.3 ± 4.7 days for patients with atrial fibrillation and 3.4 ± 1.1 days for patients without atrial fibrillation (p < 0.0001). 1608
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The mean hemoglobin levels on the day of admission (baseline), on Postoperative Days 1 through 5, and on the day of discharge did not differ significantly between the groups (Fig. 1) . At the time of discharge, the INR for patients with atrial fibrillation was nontherapeutic and was not significantly different from that for patients without atrial fibrillation (1.8 versus 1.7; p = 0.1176).
The prevalence of blood transfusion was 15.5% (twentyfive of 161) for patients with atrial fibrillation and 3.7% (six of 161) for patients without atrial fibrillation (p = 0.0005). Fortyone (25.5%) of the 161 patients with atrial fibrillation had an unplanned readmission related to surgery, whereas just ten (6.2%) of the 161 patients without atrial fibrillation were readmitted (p < 0.0001) (Table II) . A diagnosis of atrial fibrillation increased the odds of blood transfusion by 5.75 times (95% confidence interval [CI], 1.99 to 16.65) (p = 0.0012) and increased the odds of unplanned readmission by 4.09 times (95% CI, 2.05 to 8.18) (p < 0.0001) ( Table III) .
The overall rate of complications related to total joint arthroplasty surgery was significantly greater in the atrial fibrillation group (38.5% versus 11.2%; p < 0.0001). Table IV shows all complications in both groups by category. Cardiovascular complications included hypotension, bradycardia, tachycardia, congestive heart failure, arrhythmic episode, or myocardial infarction requiring some form of acute in-hospital treatment. Wound-related complications included hematoma formation, dehiscence, cellulitis, or superficial infection. Mechanical joint complications included arthrofibrosis, aseptic prosthetic loosening, joint instability, and knee extensor mechanism failure. Bleeding events included hematuria, gastrointestinal bleeding, and blood in the stool. Of the five patients in the atrial fibrillation group who experienced septic or cardiogenic shock, two died. The ''other'' category included painful paresthesias, urinary retention, urinary tract infection, postoperative pneumonia, and gastrointestinal upset.
Discussion
A trial fibrillation is a common cardiac comorbidity that carries a one-in-four lifetime risk of development for both men and women forty years of age and older 1 . This condition predominantly affects the elderly, with a mean age of 66.8 years in men and 74.6 years in women 17 . Kurtz et al. reported that the demand for all arthroplasty procedures is projected to grow dramatically over the next several decades 18, 19 . Their analysis showed that elderly patients in the sixty-five to eighty-four-yearold age group are expected to have considerably higher rates of total joint arthroplasty procedures than younger patients are. We are aware of no studies regarding the additional costs associated with the management of patients with atrial fibrillation who undergo total joint arthroplasty. The purpose of the present study was to evaluate this increased health-care burden with use of a case-controlled matched study of patients at our institution.
Our study illustrates the considerable additional economic cost associated with caring for patients with preexisting atrial fibrillation who undergo total joint arthroplasty. The mean preoperative, postoperative, and total lengths of stay were significantly longer in this group. Other medical specialties have reported on hospital stay and associated costs for patients with atrial fibrillation. In a cohort of patients hospitalized with atrial fibrillation as a secondary discharge diagnosis, Song et al. showed a similar increase in the mean length of stay (1.84 days longer) and hospital cost ($3146 greater) 7 . In patients undergoing coronary artery bypass surgery, several studies have identified atrial fibrillation as a strong independent predictor of hospital stay prolongation after surgery 6, 20 . These findings are all in agreement with the analysis of our data. However, those studies highlight the complications that can occur as the result of an episode of atrial fibrillation in the hospital and do not focus on the surgical risks and considerations pertaining to patients with preexisting atrial fibrillation.
A major reason for the increased hospital burden associated with patients with atrial fibrillation who undergo total joint arthroplasty is the delicate balance of their anticoagulation therapy. Not only does it take almost four days for the antithrombotic effect of warfarin to recede, but three days are also typically required to reestablish therapeutic anticoagulation after resuming the medication 16 . Although not universally practiced across the 
1609
country, at our institution we preadmit patients who are receiving anticoagulation therapy in order to ensure that a safe INR is obtained for surgery. The ACCP guidelines for patients with atrial fibrillation who require temporary interruption in warfarin therapy state that bridging anticoagulation with heparin is recommended for patients with high thromboembolic risk or for those undergoing high-risk procedures 21 . Although many consider total joint arthroplasty to be a procedure that is associated with a high risk of thrombotic and bleeding events, Chana et al. and Rhodes et al. suggested that interruption of warfarin therapy is not required during joint arthroplasty and does not lead to a higher rate of complications 22, 23 . As these were both small retrospective studies with few patients (twenty-four and thirty-eight patients, respectively), we suggest that larger clinical trials in patients undergoing total joint arthroplasty will provide more definitive guidance for perioperative anticoagulation management of patients who have atrial fibrillation 24 .
The management of patients who have atrial fibrillation and undergo total joint arthroplasty is burdensome not only because of the increased length of stay in the hospital associated with anticoagulation but also because of risks associated with greater postoperative bleeding. In the present study, increased bleeding was reflected by postoperative anemia and higher blood transfusion rates. Parvizi et al. reported that excessive postoperative bleeding complications, such as hematoma formation and wound drainage, were significant risk factors for the development of periprosthetic joint infection 11 . In addition, Pulido et al. found that allogeneic blood transfusion after surgery was an independent predisposing risk factor for periprosthetic joint infection, with an odds ratio (OR) of 2.11 (p = 0.02) 25 . While it was beyond the scope of the present study to analyze the direct correlation between blood loss or transfusion and periprosthetic joint infection, we did find that the prevalence of periprosthetic joint infection was 5.6% (nine of 161) in the atrial fibrillation group, compared with 0.62% (one of 161) in the control group (p = 0.0196). To demonstrate the dangers of blood loss further, the use of allogeneic blood transfusion also has been linked to a 3.5-times greater likelihood of admission to the intensive care unit after total joint arthroplasty 26 . We found that a diagnosis of atrial fibrillation significantly increased the odds of hospital readmission after discharge following total joint arthroplasty (OR, 4.09; 95% CI, 2.05 to 8.18). In the present health-care environment, reimbursements will soon be tied to high-quality, efficient care, otherwise known as pay-for-performance. Orthopaedic surgeons who perform total joint arthroplasty and whose practice includes patients with atrial fibrillation may be adversely affected by the increased rate of unplanned readmission that we found. Rather than deny joint reconstruction procedures to this patient population, surgeons must instead focus on the prevention of complications. A commentary by Bozic et al. suggested that with newer reimbursement policies in orthopaedic practices, medical treatment may suffer because of inevitable health-care provider gaming and patient deselection, placing the burden on lower-tier, lower-quality providers 27 . Our goal in presenting this study is to highlight the issues that orthopaedic surgeons face when patients with atrial fibrillation are candidates for total joint arthroplasty.
The limitations of the present study are inherent to its retrospective design. Because the majority of our patients were receiving warfarin for the treatment of chronic atrial fibrillation, we were unable to evaluate the effect of newer medications such as dabigatran on the postoperative parameters studied. Nonetheless, our study is in accordance with previous literature on the challenges that patients with atrial fibrillation pose as the population continues to age. In addition, we utilized a matched casecontrolled study design to ensure that we accounted for as many potentially confounding risk factors as possible. One additional limitation is that because all arthroplasties were limited to one institution and were performed by only two surgeons, it may be difficult to generalize the results from our analysis. However, our homogenous patient population and standardized surgical protocol ensured a reliable comparison between the two patient groups being examined. Finally, because of a lack of literature surrounding this topic, we were unable to make direct comparisons with other studies of patients with preexisting atrial fibrillation who underwent total joint arthroplasty.
In conclusion, patients with preoperative atrial fibrillation who underwent total joint arthroplasty at our institution had increased length of hospital stay, increased postoperative anemia and transfusion requirements, and an increased risk of complications and unplanned readmissions. As complications and readmissions can negatively affect hospital and physician reimbursement, we recommend increased surveillance of these patients with atrial fibrillation to appropriately manage expectations and to decrease complication rates. n 
